INTRODUCTION
Diffusion of substrates through the epithelial paracellular pathway is limited by the tight junction (zonula occludens), a selectively permeable intercellular barrier which encircles each cell. It has been welldocumented that tight-junctional permeability is under cellular control (see [1, 2, 3] for review); however, the specific constituents responsible for this control remained unidentified. A hypothesis has been advanced by Claude Goodenough [4, 5] that junctional permeability is inversely proportional to the number of tight-junctional fibrils seen along the apical-basolateral axis of freezefractured epithelial cells. The identity and nature of the molecule(s) comprising these fibrils are unknown, although they are likely to be proteinaceous [3, 6] . It has been clearly demonstrated that the cytoskeleton, specifically actin filaments, plays a role in the control of junctional permeability [7] [8] [9] [10] [11] [12] [13] ; however, it is not known with what actin interacts at the tight junction.
Only relatively recently have the molecular components of the tight junction begun to be elucidated. ZO-1, the first element to be identified, is a highmolecular-mass (-225 kDa) protein associated with the tight junctions of a variety of epithelia and endothelia [14] . Physical analysis reveals ZO-1 to be an elongated monomeric protein that is peripherally associated with the junctional membrane and phosphorylated at serine residues [15] . An additional tight-junction-associated polypeptide, called 'cingulin', has been identified and also found to be a peripheral membrane protein localized in a variety of epithelial cell types [16, 17] . ZO-1 and cingulin are distinct polypeptides with similar, but not identical, localizations [18] .
In an effort to understand the role that ZO-1 plays in the physiology ofthe tightjunction, a variety ofjunctional characteristics were compared in two strains of the Madin-Darby canine kidney (MDCK) cells which show a vast difference in transepithelial resistance [19] . Because the resistances of the plasma membranes are, in most cases, relatively high, this parameter is a measure of current flowing through the paracellular pathway and hence tight-junction permeability [20] [21] [22] . It was found that there is no difference in these cells in ZO-1 localization, the amount of ZO-1 /,um of junction, or in overall junctional ultrastructure, including the number and branching complexity offibrils seen in freeze-fracture [19] . This latter result is clearly contrary to the Claude & Goodenough hypothesis [4, 5] NaCl/0.2 mM-phenylmethanesulphonyl fluoride/ 10 mMTris, pH 8.0. ZO-1 was immunoprecipitated from the solubilized protein and eluted into gel sample buffer as described [15] . Immunoaffinity-purified ZO-1 was electrophoresed on a 7.5 %-(w/v)-polyacrylamide gel [23] , transferred to nitrocellulose [24] and allowed to react with affinity-purified anti-(ZO-1 fusion protein) polyclonal antiserum [25f diluted to 20 ,g/ml in TBS/BLOTTO (5 0 non-fat dried milk) [26] followed by "251-protein A (-2 ,uCi/ml; 92.3 ,uCi/,tg) in TBS/BLOTTO. The blot was dried, and an autoradiograph produced to overlay and mark the ZO-1 bands for excision from the nitrocellulose. The bands were then immersed in a liquid scintillant and counted for both 32P and "25I radioactivity, using counting-chamber limits such that no significant overlap between isotopic emission occurred. The ratio of these radioactivity counts (32P/1251) represents the specific activity of phosphate on ZO-1. Whole liver homogenate standards [6] were also run on the gel immunoblot to ensure protein A binding was in the linear range.
Similarly labelled duplicate filters were cut directly from their plastic chamber and analysed for total phosphate by the method of Duck-Chong [27] . The specific activity of total phosphate was determined by counting an aliquot of the ashed and solubilized filter. The assumption was made that this activity reflects the rapidly-turning-over ATP pool responsible for labelling ZO-1. 32P/total cell phosphate versus time was plotted for each strain, and the curves were fitted by non-linear regression analysis using the ENZFIT fitting program (Elsevier). The ratio between the two curves was determined for every time point, and the 32P/1251 (ZO-1) for the strain-I cells was adjusted according to these ratios. The ZO-1 phosphate specific activity of strain II was then plotted and the best-fit curve determined by non-linear regression. The curve was then scaled so that the curve limit was unity. The same scaling factor was applied to the total-phosphate-specific-activity-adjusted strain I values and these plotted on the same graph. All 12 h and remained at a steady state for at least another 12 h. In contrast with the similarity in the kinetics of 32P incorporation into ZO-1, the actual plateau levels of ZO-1 phosphate specific activity for the two cell strains were significantly different. The steady-state limit values had a ratio (MDCK I/MDCK II) of 0.51+0.08, indicating that the ZO-1 of the low-resistance strain-II cells contained twice as much phosphate as that of the highresistance strain-I cells. 
RESULTS

DISCUSSION
Previous examination of tight-junction structure and ZO-1 distribution and content in these two strains of MDCK cells [19] [28] [29] [30] [31] . The studies described here indicated that the ZO-1 in the two strains of cells contained different amounts of phosphate (Fig. 1) . The following caveats should be considered in the interpretation of these results. A direct comparison of the specific activities of the ATP labelling pool in the two strains of cells was not possible. Because ATP has a rapid turnover, we assumed that its specific activity is reflected by the specific activity of total cellular phosphate. MDCK I and II contain identical total amounts of phosphate; however, the kinetics of incorporation of 32p into those pools are different in each strain (results not shown). Although the specific activities must, by definition, eventually reach equivalence, we adjusted the ZO-1 phosphate specific activities to reflect this difference in incorporation rates. The ratio (MDCK I/MDCK II) of steady-state limits in the adjusted curve is 0.51 +0.08. In the absence of adjustment for total phosphate specific activity the ratio (I/II) would be approx. 0.40. It also should be emphasized that this observed difference in ZO-1 phosphate content does not demonstrate a direct correlation between junctional permeability and ZO-1 phosphorylation. Thcse results do show, however, that tight junctions which are indistinguishable by structural criteria [18] can differ in the molecular properties of junctional components. 
